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ABSTRACT 

A simple self regulatory, e„ ,m.ly operated, 
and maintained disinfectin ; filter was developed in the 
present study. Out of four solid supoorfes used to develou 
fired bed disinfection column only urea 'aelamine fornaldehyde 
(UICF) resin was Pound to be suitable boUi iron bhe point 
of adsorption and subsequent disinf ec bion. However, all 

four supports namely UME-rosin, De Acidite-H resin, Veakl3’’ 
anionic resin supplied by CSMCRI, Bhavnagar and Chi Lin 
showed good potential for adsorbing chlorine. 

The column containing 1.8 g of chlorinated 
'lIF-resin could easily be operated at loading rabe of 
340 Ipm/sq.. m. which is 3.4 times more b'con rapid sand filter. 
At this rate ti'-’ column produced about 200 litres absolutely 
steri3-e tnter be Lore start of breakthrougjh. of E, coli. The 
effluent TArater contapned ' ne residual ciOoimne cone entra Lie 1 
in the range of 0,6 to 0.8 mg/l which tat'es care o'f post 
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contamination. Chlorine release fro]! the column appeared 
to be function of flow rates adopted, the higher flow rates 
resulting in lower residual chlorine release and ''^ice versou 
Purther, turbidity present in influent water does not seem co 
ha^'^e sign.--f leant effect on chlorine release. 

The disinfection data ob teamed for ■various 
loading rates follow the Chick's model of disinfection T-ath 
slight deviation. It appears from the data presented that 
chlorinated UFJ'-resin has great potenLia.1 as water disinf ectan;': 
particular for our rural areas where instalation of chlorine 
dosing and regulating equipment along with their operation and 
maintenance is impracticable. This process also can find 
wide applications in isolated urban a.reas, in railway 
compartments etc. 



CHAPTER - 1 


I HTROEUCTIQR 


Water, whether or not prewxously filtered 
and even if perfectly clear, is often contaminated by microbes 
dangerous to human health. Among others, pathogenic bacteria 
and enteric viruses form a considerable fraction of water 
contaminants and are solely responsible for causing the water 
borne diseases. The provision of safe water is the prime 
objective of water treatment and anything less in this regard 
IS unacceptable. 

Water treatment processes, such as, sedimentation, 
coagulation, filtration etc. are helpful in the removal of 
otner contaminants along with a fractiO'"! of microbes, but, 
are certainly inadequate as far as the provision of safe 
water is concerned. Water is consndered safe onlj'- wlien it is 
completely free from pathogenic bacteria and enteric viruses. 
Disinfection is the only unit process that ensures total 
destru.ction of pathogenic organisms and safeguards us against 
Various water borne diseases, CompleL'e eradication of water 
borne diseases in many countries and particularly in U.S.A, 
(Jenkins, 1963 ,” Reid and Ccrlson, 1974 ) amply support this 
statement. Further, in recent times, people all over the 
v/orld have become so conscious about pollution in general 
and the quality of potable water iii particular, that there 
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IS hardly any need to plead for supply of disinfected water. 

At t-ie end of 1970, the rural population of the 
developing countries surveyed by V7. 1-1. 0. amounted to 72 percent 
of the total population of those countries. Of these rural 
population, 86 percejit were without 'reasonable access to 
safe water' (V7orld Health Ouatistics Report, 1973). In India 
also 80 percent of the masses are living in villages where 
construction of organised water supply schemes becomes finan- 
cially difficult. Nevertheless, it is essential to ensure 
that most of these people get atleast microbially safe if not 
completely treated water. 

Further, in our countryt'''cre is a continuous 
and large movement of people from one place to another. This 
contributes significantly to the sprea^d of diseases , particular^ 
water borne diseases. The water supplied to these people, 
therefore, needs to be properly disiiiT ected. 

Even in those areas where Tj-e have got organised 
water supply it is desirable and customary to maintain a certain 
residual concentration of disinf ectanb on water to account 
for any possible contamination in tlic distribution system. 

The inadequacy of such residual disiniPectant is often noted 
in many cities because of poor maintenance of distribution 
systems and the long journey undertalLen by water in reaching 



the consumer's end. Eence, it is essentia"! to regain the 
orijina] quality of water by adopting disiiij ection at the 
cons amor's end. 

In many parts of our country jrouiid water is 
the main source ol domestic water , and ic i lost cases this 
water meets the water quality standards IcjI dovm in the 
Indian Manual on hater Sapnly and Trea'naer t (1976), just by 
adopting disinf ec tion. 

Chlorine as compressed gas lo liC|Uid form is 
almost universally employed foi* tb.e disin. ec oioii of municipa"' 
water supplies. Chlorine gas is difficult oo handle unless 
special equipment is available from whicb it can be dispenss'-h 
Fence its usefulness in the gaseous state is limited bo only 
large scale operations such as water tree. ument plants where 
IX IS possible to install suitable equipmenc lor sajfe handling. 
This makes xhe task of providing disinfected water to rural 
areas, isolated colonies, railway compart mo its, and even to 
some parts of the urban popiula-tion, a difficult 30b as the 
conventional method of disinfectant lujecciox is not suitable 
in such cases because of hi ^h cost and teef ■ ical complicotions 
involved. 

Under these circumstances it is na cural for 
an environmental engineer to tliint of some other cheap. 
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suitable and simple disinrectin.3, technique "diich can be 
used in lieu of tlic conventional one. 

lo,l Objective and Scope of the Study 

The present work was initiated with an aim 
to develop a fixed bed disinfectant which would supply disin- 
fectant on demand obviating the complicatio is involved in 
conventional disijif ecting uractice, 

E.eepin_, in mind the above an'i? a search was 
made for various possible solid supports 'd ich would take up 
disinfectant when kept in disinf ectant ricli environment and 
and would release the same in disinf ectaai; deficient systems. 

A compa.rotive study of various solid supports 
-'ven regard to their suitability in terms oC adsorption of 
disinfectant and ^orCormance in terms of laoctivation of 
bacteria tws conducted. 

Solid supports: rollowin5 solid supports were used. 

(1) Anion Exch'-Tgo Resins 

(a) Urea-iTelamine-Rormaldehyde (Lil ) resin. 

(b) De Acidite JT - a stroji^ly basic anion exchange 
resin • siippli'-d b}?- lon-Exclian' 0 (India) ltd. 

(c) Weakl3r basic anion exchange resin supplied by 
Gentrad. Salt a-*d Marine Chemicals Research 
Ins 1 1 1 u t G j B havna gar , 
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(2) Biological Material 

(a) Crab shel3. Ciiitin 

Disinfectant: Chlorine was used as the disinfectant. 

Model Organism: In order to evaluate the performance of 

the fixed bod disinfectant in terms of microbial inactivativ i, 

Escherichia c oli was used as the modeT orgoiiism. 


/ 


/ 



CHAPTER ^ 2 


LITEEATURD I?E/TEj 

2,__1 The Practice of Disinfection 

Tiiough the scientific end logical application 
of disinfection is only about 150 ^nars old, ancient people 
>tfere aware of the use of clean tr-ter and proper handling of 
waste material to ensure good health. Religious books lime t le 
Piblu and the Vedas contain instr c ti ons on use of clean 
water. There is evidence that olc’o'r civilization used to 
store drinking water in brass or copper containers before as> 
(tfeber, 1972 ). The great scientisc and philosopher Ariotot r 
had instructed his king Alexander to supply boiled waccr to 
tile army a '>! bury their waste (Block, 1968). 

In 1825, for the first time chlorinated lime 
was used to prevent the infection of wounds. Dr. Rob ley 
Dinlingser (’/hite, 1972) in his I'ook 'Human xHealth', publisiw 
in Philadelphia in 1855, suggested cue use of chlorine xo make 
the water of marshes potable. Later in 1846, Semmelweis 
introduced chlorine water as an a.ntiseptic Xo prevent the 
spread of child bed fever (Vnite, 1972) in a Vienna general 
hos pital. 

This early use of chlorine for disinfection 
was based on the erroaocuc assr-mpt-ion that odours spread 
infection (Laubusch, 1971). 'Poftuitonsly , chlorine's 
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oxidising property which -rs respo^isihlc Tor the removal 
ol odour strengthened this "belief. lx was not until mid- 
1860 's when the germ theory of disease was finally established 
that an inkling was gained into how diaoises actuallj?- spread. 

The first recorded observation of wide spread 
transmission of disease by a public irater supply relates to 
tne 1854 London cholera associated O-t the Broad street well. 
This was folio red by serious outbrea.hs of typhoid fever in 
Lausen, Switzerland, in 18725 outbreed of cholera in Hambur,, 
Germany in 18925 and several other serious outbreaks of 
epidemics in G, S.A. , in the last decade of the 19th Century 
(Veber, 1972). On investi'',ation it was found that in all 
these cases the cause of c itbreak w,is contaminated water. 

In the meantime, Pasteur, in 1863, hex' developed the germ 
theory of disea,se, and, Robert Koch, in 1381 was able to 
demonstrate the destruction of pure cel'ure of bacteria 
by hypochlorite under controlled laboratory conditions. 

Harrased by the severity of water borne diseases 
and encouraged by the findings of above workers, people 
started thinking in terms of obtainin'^ pure water for the 
purpose of drinlcing. Around 1897, ■''"roning and Paul cnrricd 
out research work which laid the f oundaLion of modern 
chemical disinfection (Block, 1968). Ilodsen aiid Hyman, 
and Chick, later ix) 1910, proposed machcmatical models for 
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the action of disinfectant which 3:avc the people a letter 
understanding of the process (Benaidc et . ai. , 1967) . This 
chain continued, and till todate SG\reral researchers have 
worked in the area of disinfection and have contrihuted 
significantly to the knovrledge of people. 

■Disinfection o'P domestic fj-atcr as a continuous 
process was first adopted at Middloiforke, Belgium, in 1902, 
when chlorine was used for this pir-pose (''(Jhite, 1972j. Afi^cr 
that gradually it spread in other countries and today this 
process has hecome an integral port oC X'jatcr treatment systems. 

2, 2 "Various Disinfectants used ixi "Jatcr and Waste Treotment 
other than Chlorine. 

Besides chlorine there a.ro several other 
disinf ec'cants xfhich are used in water and waste vj-ater treatir at. 
Impoitant among them are ozone, brox-inc, iodine, chlorine 
dioxide, surfactant, silver ions, ultraviolet irradiacion and 
ultrasonic vibration. Hotirever, the usage of these disinf ectents 
IS very limited as comnared to cn].orinc. 

Bevertheless , the use oa chlorine has the 
following drawbacks which has promneod the search lor new 
disinfectants i 

i) Water containing phenol results in the formation of 

chlorophenolic compounds which produce taste and odour 
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problems. 

II ) Ghloraminec and organic chloramines lormed as a 
result of reaction with afimonia and protein present 
in water or wastewa'i .r have q.ues biona,ble viricidal 
activities. 

III) More recently, the formation of chloroform, a po,tcnt 
carcinogenic compound, due to cl?orinotion of water, 
has signit icon tly drawn the attenti.on of Environiaent ' 
Engineers (Harris, 1974j Bellcr, el. ?J-. ,1974,* Gerba 
^.al. , 1977). 

iv) Possibilicy of formation of chlor'viated organics 

phoxocliemically by sunlight in wreers being disinfect 
03 ’ chlorine (Oliver and C<ire 3 r, IC'77 ) has caused c oncer 
among environmental engineers. 

>.'■) Waste w-atev containing chlorine residuals , whether 
free or combined, af ect the ecology of atiuatic 
eiivironment ( B rungs , 1973; White, DC 72,* Sellecio and 
Oollins, 1974). 

All These possible short--comii''gs of chlorine 
have led to the call for the development; oC alternate dis- 
infectants. The nearest competitor to chlorine as a dis- 
infecta,nt for pobable water is ozone. Problems like taste a 
odour and forma lion of chloramines are cliiainated by the 
adoption of ozonation (Kellar , bt. dl. , 3-97-^, McCarty ^nid 
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Smith, 1974 y Suo and Ohian, 1977). Olilorine dioxide is 
another compound which can he used :C ar disinfecting water 
containing high concentration of ammonia and phenolic 
compounds (Morns, 1970,- Augestein, 1974). The advantages 
of its use arc similar to that of ozone. 

Bromine, Br 2 , is a dark reddish hrown halogen 
that exists as a liquid at atmospheric pressure and is less 
cuiobcrgome to handle than compreosod gas. It is slightly 
soluble in water and has got a good germicidal action. As 
is the case with chlorine, amino forms .ire produced m the 
presence of ammonia and other brivaler c nitrogenous materia' s. 
Bromine and monobromamine have been reported nearly equal i i 
bactericidal properties and essentially equal to free chlome 
on a part-per-iflillion basis at compaccble pH (Johnson and 
Overby, 1971). Applicabions of broiii 2 ic appear to be limited 
to tne treatment of swimming pools and industrial waters. 

"/ith the use of bromine there is an ao'caront redu.ctioja of 
eye irritation and its odours are ncc troublesome, 

lodino aUso is more common in disinfecting 
swimming pools since unlike chlorine it does not irritabe 
tne eye ( 'iiftiite,1972) . Thoqgh the disinfecting efficiency 
of iodine is less than that of chlorine, it is preferred to 
chlorjno 111 disinfecting water bein^, supplied to remote 
areas or in developing countries where Dittle or inadequa.te 
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supervision and expertise are available (iTiite, 1972). As 
the tendf^rcy of iodine to xorm ob jec lioiiable or.^anic sub - 
stitucion compounds is much less then tliot of chlorine, 
post disinfection with iodine provides longer lasting pro- 
tection against pathogens and allevaatcs the problem of 
offensive tastes and odours often caused by chlorine. 

Because of i os limited activity, less iodine is usro.lly 
required to obtain a desired free residuaJI. Another Tclvani.i,o 
with iodine is that both and its hydrolysis product, HIO, 
are equally good disinfectants. 

Among surf actants, the catiomc detergents me 
strongly destructive, the nnionic detergents are weakl 3 /' so. 
lie neutral detergents occupy an intermediate position. 

These detergents are more common as disinfectants in the 
waste waters and rinse waters of eating establishment (Fan . 
et.^. , 1968). Lncouraging results on T/ater disinfection 
wme obtained by ¥ang and Perry (1975) and Prasad (1977) 
us in 3 quaternary ammonium compounds. 

It has been known for man^A centuries that 
copper IS bactericidal (only weakly so) and strongly elgicidal. 
Other metals, such as mercury and sil\Aer, are also notably 
'hfective in minute concentrations. Silver is a soft lustroue, 
if’hmte motal tint is insoluble in watei a,nd alkalis. It is 
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readily ionised by electrolysis, and tins property is the 
tdsis for soEie oysteis used in the disiii' ec Lion of vater. 

In addition, it can also be applied as a solution of its 
salt or by desorption from filter beds o- silver coated 
sanc^, Carbon, faoric etc, (¥eber, 1972). however, its 
usage-- till now is limitcc to small woter supply installa- 
t3ons, food indust]'’y and carbonated bevero^^cs industry. 

Use of other physical disiiiTectonts like 
ultraviolet irradiation and ultrasonic vi ^rotion are limit''', 
to disinfect very small quantities of water. Their cost of 
installation putsthem off the list of possible disinfectants 
in developing countries. 

Disinfection of Water and Wastewater by Chlorination 

In the previous article a coin'''r6hensive 
evaluation of other possible disinf ectaabsoilong -with their 
limitations has been made. But the popu.lority which chlorine 
enjoys is unparalleled. It is so becaus', clilorine possesses 
all che qualities required for an ideal '''i inf octant in an 
ontimum manner (^’bite, 1972). Other aqe''''c may equal or 
even excel aqueous chlorine in a,ny one o" LWo qualities, buc; 
there are none th.rfc combine them in such on advantageous 
way. As a matter of fact, of all tJie man 3ipal water supplies 
^■?ijt are being chemically disinfected, at least 99 percent 
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use chlorine (Morns, 1966). Fiirther, the resoorch done 
with other disinf ec ba±iiB is very less as couiodred to chlorine 
and as a result the S3 de efxecbs associabcrl T/ibh ot^ier 
disinfectants are not fully knom. 

In this regard the following observation of 
Editor of Indian Association for I/ater Pollubion Control 
(Raman, 1973) is inberestino, to notes 'Much is talked 
about bhe long term ill effect of chlorinabion cn humans due 
to the possible fori'ation of carcinogenic coi-iponiids (ha3o- 
organics) in presence of certain o''’ganics. 'L'hcre is some 
evidence in USA and in bhe ’/est, Nearly 40^--500 chloro 
organic compounds here been identified of ihich all are 
not carcinogenic. In this controversy, the beneficial and 
imi^ediate effects oc clJ orination of wabo in the control 
of enteric diseases bobli in the developed rnd developing 
com'^tries during the past four decades seem xo have been 
overlooked. In developing countries includ-tng India, chlo- 
rination of water shall have to contimom to be the means for 
disinfection of public water supplies since cntciic ciseascs 
are still endemic in thest. regions. The tcchjiical and 
financul resoxu’ces in developing countries are very much 
limited as to practioo alternative disinfection procedures, 
hr. Morris of Harvard University rightly feels that chlorjn-' 
will continue as the major disixo Pectant for diTinking water'. 
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2 .3.1 Chlorine 

Chlorine is the second Host reactive eleiient 

of the halogen family, huu never found uncombined in natuire. 

It 13 eitDin^tec' to account for 0.15 percent of the earth's 

crust in the form of soluble chlorides, such as common sall 

(i'laCl) , cornallite (KJJlgCl^. 6 IJ 2 O) , and sylvite (KCl), Ho^rever, 

there are few known natural ovop^io compounds containing 

chlorine (Powden, 1968). In noture, therefore, it exists 

only as b.^e negative chloride ion wuth a valence of - 1 . It 

was first discovered by Karl ¥, ocheele a Swedish Chemist, . n 

1774 and later 'proved to be an element by Davy, in 1810, 

It has an atomic number of 17 and an atomic weight of 35.45'u 

Molecular chlorine, CI 2 , has a weight of 70. 91-^. Iw isotopes 

35 37 

of chlorine. Cl and Cl , occur naturally, and ordinary 
atomic Cxilorine consists of a u.ixture of about 75.4 percent 
and 24.6 percent Cl . It usually forms univalent 
compounds, but can also combine with a valence of 3, 4, 5 art 
7 (Itoite, 1972 ), 

2.3 .2 Chemistr^^ of Chlorination 

Chlorine is used m the form of free chlorine 
or as hy 1 ochlorites. In either " orm it acts as potent 
oxidising agent and often dissinates itself 111 side reactio- 
so rapidly that little disinrec non is accomplished until 
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amoun-ts in excess of chlorine demand have ''^een added 
(Sailer and McCarty^ 1967). ''’Jith pure uiiler chlorine 
combines to form hypochlorous and hypoclilo"'’ic acids (Morris , 
19465 Oonnick and Gbia, 1959) 


CI2 + H2O 


OCl + + Cl 


( 2 . 1 ) 


The h 3 ^c'x'‘olysis constant Kg = 4. 48 x 10” molcs/lib. at 

25 ° 0 , 


The h 3 rpochlorous acid formed is a ■weak acid 
and IS very poorly dissociated at pH levedc below 6 , 

Hoci7;=^H'^ + OCl” (2.2) 

—8 

The ionization constant = 2.7 x 10” moles/li n at 

20°C. 

The pcetence of molecular chlorine (Cl 2 ) is 
restricted only bo a pH value below 3.0 and at cone en brat 10 ns 
above 1000 mg/lib. (Reid and Carls on, 1974). In dilute 
soli:' ti on and at pll levels hove about 4. Oy the equilibrium 
shoi^rn in equation 2.1 is displaced greabljr bo the ri"ht. 

It is obvioiis thal the relative amounbs oC OCl” and HOCl 
pros Silt in the solubion, is a function of pH and temperature. 

The most important and undoub cedly the most 
i-o-Tiplex chemistry of water and wastewabor clRorino tion is its 
reaccion with various forms of nitrogen nabnrally occurring 
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in water. If tliere were no nitrogenous coiioounds present 
in water, probably there would not have been any trouble of 
tastes and odour due uo chlorination. Piu’ther, there would 
not have been any joroblem of the quantitative dif f erentiati on 
of chlorine as most of the chlorine applieci would have been 
in the free form (VJhite, 1972). 

Chlorine in aqueous solution reacts witn 
amionia in the following manner (Griffin tied Chamberlin,1941 / . 

HOCl + M^Cl (monochlorarine) + H^O (2.7; 

IIH^CI + HOCl ^NFCi^ (dichloramine) + H2O (2..^^ 

and JlHCl + HOCl KG1_ (trichlor amine) + H^O (2.9) 

Z ' j ^ 

As a result of these reactions ji th increasing 
dose of chlorine a^pplied, there is a sudden loss of free 
chlorine with simultaneous disappearance of ammonia. This 
observation led many investigators (lair, et.al, , 1947? 1948; 
Morris, 1946? Morris ^t.al., 1948s. and Palm 1950, 1950a, 
1950b) to the discovery of breakpoint chlorination which 
ultimately gave us the modern concept of chlorination. 

Above paragraph deals with re. action of 
chlorine ^n-th inorganic or ammonia niuro ,011. The chlorine 
reactxon with orga.nic nitrogen, particularl.y proteins and 
amino acids, is even more complex. In proteins and amino 
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acids there are several potential sites of reactivity .n-tii 
chlorine. Chlorine can react icLth eitner tne h-terminal 
or the peptide ammo nitrogen to form or ;ano-cnloramines 
or products of furbher reactions. Hence the chlorine demand 
curve obtained in the presence of organic nitrogen is not as 
well defined as in the presence of inorganic nitrogen 
(¥eberj, 1972), 

Mode of Action of Chlorine 

The process of disinfection is hog instantaneous. 
Certain minimum dose of disinfectant and a ninmu.m time of 
contact between the disinfectant and the or:=>nisms is required. 
In addition, the nature of disinfectant, temnerature , pH, 
and the nature and concentration of micro or ganmsms also play 
a vital role (Fair ^t.al. , 1968). Consequently, after being 
so much in use, the exact mode of action of chlorine in 
killing microorganisms is not yot known (^TiiLe, 1972), 
Furthermore, little is knoirr'i about the number of chlorine 
molecules required to kill a single microorganism ( Veber, 1972) , 
However, one thing is certain that a series of physical, 
chemical and biological steps are involved in the inactivatic'^ 
of microorganisms (Weber, 1972). 

The earliest scientific concept o. microbial 
inactivation by nascent oxygen, liberated by the decomposition 
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of hypochlorous acid, has been more or less discarded now. 
Eventually nexrer theories of disinfection are being developed. 
Green and Stumf (1946) suggesbed that the death of ba.cter: „1 
cells results from a chemical reaction of iiOCl with an enz’^ .ac 
system essential to glucose oxidation and Cellular metaboli ' 
activity, later these worlcers (Knox i,1948) demons crited 

that tne death of cell is due to oxidation of sulfhydryl 
groups of the vital enzymes. Ingols et.al. (1953) supported 
this theory hut concluded that this mechinis of inactivati n 
IS only limited to vegita.,tive cells, "fyss (I'JGZ) has noted 
that destruction of part of an enzj’-me sjrste' throws the cell 
out of balance causing the death before air, "’epair mechanism 
acts to revitalise the enzyme. More recentl' , Yenkobachar 
( 1975 ) and Venkobachar et.^. (1977) reported significant 

inhibition of both oxxrgen uptake and oxidative phosphoryla t..on 
by cnlorine. The loiter effect was attributed to the inhibi- 
tion of the appropriate respiratory enzymes, rather than to 
a deficiency of phosphate uptake, 

2.4 fixed Bed Disin Cection 

Literature on fixed bed disinfection is scant3u 
There is no information as yet on implementation of such a jcd 
in practice. The prominent works contributed in this field 
arc by Taylor al. (195 0; 1 Dewar and Waymcii (1972 )j and 
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Fina and lamloert (1975). Oi'.t of tiio . ^ -rorkers the work done 
by Taylor al_. (1970) and Fina and Lambert (1975) ns on 
development of fixed bed disinfectant using iodine as the 
disinfectant and the contributions of J)ex 7 ar and ’/7ayman is a 
similar effort using chlorine as the disinPectant, 

Paterson (1969) developed a, method of disinfectir_ 
water in x/hich fater flox^'S over prefoi med solid agglomerates 
containing IT-halogenated compounds. It is capable of releas -.ng 
controlled amounts of bromine or mixtures oC bromine and 
chlorine into xrator. The agglomerates are formed by mixing 
N~halogenatcd compounds >71 th some po iiored matrix material 
like sodium silicate, aluminium hydroxide or zeolite along 
with water and tnen drying it, 

Schneider et._al. (1970) proposed a chlorine 
releasing material which was prepared by mixing and pressin 
alkali or alkaline earth metal hypochlorites with sodium 
steal ate and moulding it in the form of a hollow cylinder. 

The disinf egrofion of material occurred due to the flow 
action of water. 

Wayman et. al . (1968) had pro'oared high polymers 
which contain a labile chlorine atom. The active group in f esc 
polymers is the or - 11112 group, ^rinxch takes up chlorine 

from a chlorine non environment anc in the chlorinated form 
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gives up cLilorine to an environmcii L tieficient in chlorine, 
for example Trhich exhibits a chloi me demand. The rosin, 
which may be natural or synthetic , acts as an agent for 
chlorine transfer to or from a mudiU'i as per following 
eq.uation 



Later Dewar and Wayman (1970; 1971; 1972) 
further studied on the formulation oC solid base, the diffu- 
sion ■ of chlorine in it and its possible use as fixed bed 
chi or mat or. 

Taylor (1970) developed a fixed bed 

disinfectant by complexing triiodi^io ions ■'vith strongly bas.. 
anion exchange resins. This combina cion hac remarkable anta- 

5 

bacterial properties. 5 x 10 D.c^qli, cells per ml. were 
killed (residence contact : cme = 12 sec.) when passed througii 
a 1.8 cm. Ipng and 1.8 cm. dia, column containing charged 
resin. Later, working on similar columns, Fina and Lambert 
(1975) found that even the water saiiople charged with virus 
became sterile when passed through columns of resin- triiodi'' ^ 
complex, Ic is claimed by these investigators that iodine 
IS supplied by resin on demand. 
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Exeusch. and Husseina. (1973) lot their process 
patented for treating contaminated water by iodine treated 
activated carbon. In this process iodine is reversibly 
absorbed by activated carbon used in filtering beds. The 
carbon bed releases free active iodine xA^en water is passe t 
throu.gli it. The exhausted bed is regenerated by passing 
iodine solu,tiOxi through the bed. 

Svihovsky and Hofer (1973) have developed 
a small cartridge filter capacity 0.5 to 2.5 nr /hr) which 
removes colloidal particles, excess chlocine, unpleasant 
odours and taste, and, in addition, can induce bactericide 
activit^r to w\tcr in a single run. The filter contains a 
mixture of activated carbon with cotton, asbestos, and (or' 
cellulose coated with silver. The f idbcr material is jacks' 3d 
by cellulose ester films of 'oore cliai'<^tfcr less than 0.5 mic_cns 
on cardboard support. The exchangeable cartridge is place" 
in a sealed cylindrical filter body. 





J'lATER IAL S AITD JffiTHODo' 

3 »1 jAa/c er 1 als 

5gch .ericliia coli 

E. col l was chosen as model orgainsm in all 
the eorpeiiments to study the disinfection behaviour of chloL'’ne 
charged solid supports. Pactors, vi 2 ,. , ease in handlings 
easy to distixiguish, easy to grow, and its sanitary signifi- 
cancG led to tlie selection of the above organism. 

3.1.2 Organism and Media 

The pure stock culture oi 1. coin was obtained 
on agar slants from Uationa.1 Chemical. Lslooratory, Poona. 

Various media used for bacteriological work 
were as follows^ 

(a) Medium fo3r growth of E.colln 


Beef Extract 3 S 

Sodium Chloride 5 g 

Peptone 5 o 

Dio billed water 1 litre 


pli adjusted to 7.2 with 1 M NaOH. 

us mg 


Systronics pH meter 



(t)) Slants for sul culturing E. cqli 


Beef Extract 3 g 
Sodiiim Onloride 5 g 
Peptone 5 g 
Agar 20 g 


pH adjusted to 7.2 with 1 H i'TaOB using 
Systroiiics expaiidomctric pH meter (H/S. Systronics yAhmeda'eJ 

(c) Medium for enumeratioxi of E. cqli 


Pe 0 cone 
Lac bose 

Dipobassium hydrogen 
phos ojiate 

Eosiny 

Methylene blue 
Agar 

Distilled water 


10 g 
10 g 

2 g 
0.4 g 
0, 065 g 
15 g 
1 litre 


pH adjusted to 6.9 ± 0.1 wibn 1 N NaOH, 

3^.JA_3 Sterilization 

Medio, and dilution water (tap wacer) for 
plating were sterilised in pressure cooler at 15 pai pressi’rc 
(121°C) for 15 I'linutes. Of-pr glass wares like petridishes, 
pipettes, bottles for sample collection etc. were sterilized 
in hot air oven rb 200*^0 for 2 hours. 
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Preparation of Bacterial Gulbure 

Trom a 24 hours old slant culture a loopful 
of E . coll W 3 .S inoculated in lOO ml sterile medium (a). Thi ' 

VT3.8 agitated at in a wrist sliaher for 8 hours to ohoain 

a culture in log 2^o)'^'''"th mode by dip'''!!,^ the lower portion 
of conical flash in contro" led tempera l-iire water batho 

loP-'-S Preparation of Test Water 

For preparing test water containing desired 
concentration of bacteria tap water was used. It was confir d 
that the tap crater was free from residual chlorine before 
tise. A known volume of bacterial suspension obtained as 
described in Section 3«1«4 was added to a known q_aantity of. lo 
water free of residual chlorine, such that the initial bact ^is 
concentration of the test water was^ m the desired range . 

The test water was stirred using a laboratory stirrer so as 
to homogeneously disperse the bacteria. 

3, 1,6 Prepai'ation of Chlorine Solution 

Oblorine soluta on was prepared by bubbling 
chlorine gas through distilled water ’■diich was made slightl 3 ^ 
alkaline (pH approx. 9.0) by adding 1.0 ¥ HaOH. Tor pre- 
paration of chlorine gas concentrated hydrochloric acid 
was added to potassium permanganate crystals. 
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Chlorine solutirr. thus prepared was kept in 
a,xx ainhe^ coloured glass bottle and was s bored in a refrigera or 
The pH ol this solution was in the range o± 3.5 + 0.5. 

The strength ot stock solubioo decreased 
considerably wi bJi time and hence the strength was measured 
accurately before starting each experiment. 

Solid Supporting Bases 

Yavi ous solid bases used in bhe experiments 

were 

(i) Urea-Melaiiane-rormaldehyde resin prepared in the 
lab oratory, 

(ii) Strongly basic anion exchange resin, De Acidite H -- 
a product of Ion Exchange (India) jitd. under licence 
from the Permutit Co. Ltd. , London, 

(iii) V/eakly basic anion exchange resin supplied by Central 
Salt and Marine Chemicals Research Institute, Bhawnagar. 

(iv) Crab shell chit in 

(a) Prepared in laboratory out od fresh water crabs 
obtained from some local fislierman. 

(b) Prepared in laboratory out of marine water crab 
shells supplied by Merrers H. Z, Eisheries, Cochin 
(Kerala) . 
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(c) 'Cliitiii pract \ supplied by looli-light Laboratoriei 
ltd. , Golnbrook-Bucks-Englend. 

1» 7»1 Preparation of Irea-Melamine-Poriflaldehyde Resin 

The resin was formulated in the laboratory 
after nodifying slightly the method su'-j.gested in the book 
'Preparative mecaods of polymer Chemistry ’ (Sorenson and 
Campbell, 1963). 

In a 250 ml round bottom flaS'r equipped with 
a condenser was placed a mixture of 4. 2 g (l. 0 M) melamine, 

2 g urea (l.O M), and 25 01 57 perce’"! i: aqueous formalde- 

hyde ( 3.4 li). The mixture was adjusted to a p-i of 9-10 by 
the addition of 1.0 g sodium carbonate, refluxed in water 
for 3 hours, then acidified at 80°C wibb 4 al of concentrate 
hydrochloric acid. On acidifying the co3 oiu'‘less syrup 
immediately turned into a white opaque macs. It was air- 
dried overnight at 60-65°C and then ground to obtain a 
particle size as required. Before using for experiment atio^- 
the resin was washed with 1.25 h sodiiiu hydroxide solution. 

3 . li.7.,_2 Preparation of Crab shell Ohitin 

Dead crabs were kept in water for several days 
after which they were taken out and dried fully under sun. 
This loosened the shells and they were peeled out of crab. 
Shells were agaixi dried thoroughly and wore crushed into 
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fine powder. About 200 gms of tbis; powder was then 
taken in a 2 litre beaker and diluie hydrochloric acid 
(about 6 N) was added to it slowly. Care was taken to 
avoid spillage ^ . due to foaming on the side of the beaker 
(Herningjl962) . This reaction mi. turo was then allowed to 
stand overnight to enable complete reaoval of calcium car- 
bonate. Residual was then filtered "'Md washed xrith water 
until it was neutral to lionus. It was then dried in hot 
air oven at 50-60°C. The material thus obtained was brownish- 
yellowish in colour. To decolourise it 6 H Potassium 
hydroxide was added to it and the mixture was kept in 
bath for 4 hours. The material was a ^aiu dried before use 
for experimentation, 

3.2,_ Methods 

3. 2 . 1 Chemical Composition of Test ’/ater 

The test water consisted of tao water to 
which bacterial suspension was added. The chemical composition 
of tap water in terms of parameters like hardness, alkalinity 
pH, conductivity, and chlr’cide was evaluaced according to 
'Standard Methods for the Examination of hater and Waste Watecl 
Hardness and chloride were estimated by hDTA. titrimetric 
method and Argeiitometric method respectively, where as, 
conductivity was measured using Wiss.-Tcchii.-Werkstatten, 
Weilheim obb. Conductivity cell. A typical analysis for 
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tap water is Dresented in Table 3.1 

Tgble 3.1 

Composition of Tap 'feter 


Parameters 


i) pH 

8.3 

ix)a)Pree residual chlorine 

Hil 

b) Combined residual 


chlorine 

Hil 

111 ) Conductivity 

1.5 s 10 “-^ mhos/cm 

IV ) Chloride 

60.0 mg /lit as Cl~ 

'tT') ThL'ralini ly 


bJ Methyl 'orange 

440 mg/lit as CaCO^ 

b) Phenolpthaleiii 

Hogligibly small 

VI ) Hardness 


a) Total 

240 mg/ll t. as CaCO 

b) Ca"""' 

70 mg/lit, as CaCO^ 


2^2 . 2 Determination of Chlorine and Rcsidnal Chlorine. 

The chlorine, and the residual chlorine 
ccnocnbration in stock solution, in adsorption kinetics 
stuuxes, j.n the effluents of column, or in batch studies was 
df't'^imincd using DPD ferrous titrimetric method as given in 
u xiJord Methods ( 1976 ). As this method is very sensitive 
a'c IS useful for determination of lower concentrations of 
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chlorine, the samples were diluted with chlori le demand 
free waier as to bring doi^m the chlorine strength of the 
3olai:ion around 0 to 4 mg/lit. range. 

^ r.3 Evaluation of Chlorine Demand of Test hater 

It IS essential first to evaluate the chlorine 
demand of water to ho disinfected in order to add appropriaCe 
dose oJ' chlorine. Chlorine demand test for tie test water 
Tised in t'le present investigation was conducted according 
to Standard Methods (1976). The standard contact time for 
the reaction used 30 minutes. A typical chlorine demand 
curve for the test water is presented in fig. 3.1. 

Enumeration Technique for jE^cherichia co3^ 

The enumeration of E.cpln in the harvested 
suspension as well as the survivors after disinfecting action 
of chlorine was done by Standard plate couno method using 
oosin methylenehlue agar (Standard Methods , 1976). The 
plates were incubated at 37^0 for 24 hours before enumerating 
the developed colonies of E. coli . 

3 .?- -.5 Preparation of Elsinfectant Solid Support 

The disinfectant bed were prepared by 
ng known xjuantity of various solid supports, mentioned 
earlier, to different Corning bottles containing known 




Ty pical Chlorine Demand Curve for Test Water 
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corxcent rat ions oi chlorine solution. To bring about 
better contact between solid support and chlorine solution 
the botclos were agitated in a rotary shalor. At diTTereiit 
intervals of time samples wore taken from bhe bottles and 
analysed for chlorirxO concentration in the supernatant. 

The experiment was discontinued when equilibrium was 
attained. 

3.2 ,5 Disinfection Studies 

3. 2', 6.1 Disinfection Studies in Batch Process 

The br'fcch studies on disinfccbion were 
conducted in a non-flow agitated reactor. The 500 ml bottle 
used as reactor x\ras sterilized before storking each experiment. 

For disinfection kinetics studies j, a known 
quantity of charged solid base was taken in the above reactor 
along with a knomi concentration of bacteria suspended in 
sti^rile tap water (usuall3/ 250 ml). The j^oactor was a,gitatod 
b}?- a wrist shaker. 1 ml sample was drawi at each desired 
tune inuer/al and- was neutralised with sodiium thiosulpxiate 
before plating to enumerate the survivors. >Simul taxi ecus 
dot ermineition of residual chlorine concentration was not 
possible as the time interval were too small and also the 
method used for its determination required a large volume 
(100 ml) of sample. Yet to have an idea of chlorine rcsidurl 
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in. the reactor the same test was repeated under same condition 
and samples were drawn only for residual chlorine determinat x.o j 
at the same time intervals. At each time interval 25 ml of 

sample drawn was diluted to 100 ml and residual chlorine was 

estimated using hPD method. The reactor was replenished 
with 25 ml of distilled water a,fter each withdrawl. 

5.: Column Disinfection Otudies 

Column studies were conducted in a glass 
tuhe having an internal diameter of 0.75 cm. 1.8 g cf chlorine* 
charged rosin was filled in the column (depth = 15 cm). 

The test water was passed through the column from a large 
size hottlc (10 lit,). The particle size of resin chosen 
was such that it passed through I. S. sieve ho. 36 (opening 
size = 0.4’25 mm) but was retained on I.S. sieve No. 72 (openir^ 

size = 0.212 mm) . Suitable arrangements were made to 

collect the influent and effluent samples from column for 
conducting bacteriological studies, and for determining 
the residual chlorine in the effluent. An average head of 
4.0 feet was provided over the resin bed. The volume of 
test waiter (feed water) containing E. coli to be passed 
through the column was large and hence the test water was 
prepared using unsterilised tap water. 
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rj j SUI TS AFP P I scy SJJIOJT 

Practical utility of any LUiit operation depends 
on explicit ctudy of important poroiTe l:ers affecting the !:eni. 
In the present investigation it is aimed to develop a fixed 
bed disin^ec !:ant by sorption of chloriiie on to various solid 
bases aid to use them subsequently in the form of fixed beds to 
disinfect the water. Hence the first step in this study is 
uhe adsorptioi of chlorine onto selected materials and the 
second step is to see their usefulness in the disinfection of wa 

4o 1 Ad'~orption 

4.1 , 1 Adsorpti.on of Chlorii o on UMP-Resin 

Fine tics of adsorption not only describe the 
rate of solute uptake but also the 'ode of mechanism of the 
reaction at t >e equilibrium, furthers kinetics stiidy helps 
to decide the contact time requirec! between the solute and 
the sorbent for maximum sorption. Accordingly, sorprion 
k-unetics experiments were conducted md the results are 
P'^r'sented in Pig. 4.1. 

IS seen from the figure the time required 
to attain t >e equilibrium is of the order of 16-20 hrs and 
hi-rco in all subsequent experiments the contact time provided 
u"as 20 hrs. The overall uptake rates are higher when the 
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initial coiicei cratio n of c.lorine solutioi used is hit,ii. 

The adsorption isotherm plobtcr! (Fig. 4. 2 [a]) 
conforms to langmuir isotherm. The equation is of the 
f olloxfing form (Metcalf and J3ddy, Inc, , IS' 7 2) 

X ^ (4.1) 

^ 1+hC 

e 

■mere , 

= amount adsorbed per uni b ueight of 
a^dsorb ent. 

a, b = empirical constants 

anclj Cg = equilibrium concentration of ar'sorbate in 
solution after adsorption. 

The linearised plot of Langmuir isotherm 
for adsorption of chlorine on sorbent is presented in Fig. 
4.2[b]. It folloi'js the equation 

C 

.__e_ = 15 + 2.24 (4.2) 

it 

Thus the emperical constante a and b for the present 
systeiTi ere 0.445 and 0.149 respectively. As the adsorption 
date obtained is fitting^ Langmuir isotherm better than any 





other model, it can be said that the sorption O-C solute on 
sorbent is in single layer (¥eber, 1972). According to 
Langmuir model maxinium adsorption of solute on sorbent 
corresponds to a saturated monolayer of solute molecules on 
tie surface. The saturation concentration of chlorine appea 
to be around 50 mg/lit. In all subseq.uent eiperiments 
r(3gardin^ chlorine adsorption by resin, cbis concentration 
was employed. It can be further noted fro^a I’lg. 4.2 [a] 
that excess sorface after adsorption is 40 percent. 

Once the adsorption has taken place it is 

important to know the exact mechanism of adsorption, i.e. 

whether it is film diffusicn or intraparticle diffusion. 

Theoretical treatment on the kind of diffusion yield rather 

complex mathematical relationships. However, a quick method 

to know the mechanis.ti is to plot a graph between the sorbeat 

uptake and the half power of time (¥eber, 3.972). HearJ-y 

1 /2 

linoai’ variation of the amount adsorbed wi tb t ' is predict 
for a large fraction of reactions controlled by rates of 
intraparticle diffusion. In the present Bt'ugr good lineari- 
zation of the data is observed for the initial phase of the 
reaction, T/heu such a curve is plotted. Tbi -’o is some devia 
tion at the end of the run T^hich may be due to appreciable 
change in the value of concentration gradient between the 
sorbent and the bulk as se' from Fig. 4.3. 



X /M , mg/mg 



V2 

(Time) , hr 


Fig. 4 3 Plot of Half Power of Time Vs Chlorine 
Sorbed for UMF-Pesin 
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4. 1. 2 Adsorption of Chlorine on De Acidite-jM Resin 

The overall chlorine adsorption pattern of 
this resin does not appear to differ much froiu that of hl'IF- 
resin. The graphs for adsorption kinetics (Pi^. 4.4), 
tne adsorption isotherm along with its lineariseri form 
(rigj. 4.5 [a] and Fig. 4.5 [b]), and the adsorption 
mechanism (Fig. 4.6) are presented in the subseqiiexit pages. 
However, the salient points in the adsorption nrocess with 
this resin are given below; 

(1) The equil'' orium time in the present 
system is higher (24-26 hrs) than that of UlfF-rosin and 
hence the contact time required is more, 

( 2 ) The isotherm in this case also follows 
Langmuir equation. The saturation concentration is about 
^ 0 mg/ll t as against 50 mg/lit in case of in!ll?"-resin. As 
a result the excess surface developed is approxima,tely 30 
j'^rcent only. 

(3) The empirical constants 'a' and 'b * of 
Lan.gmuir model as obtained from Fig. 4.5 [b ] are 

a = 0. 3 O 6 , b = 0.434 

The corresponding equation of the straight line is 

= 7.5 + 3.26 0 . (4.3 

0 





/X/M , mg / lit 


i 


Resin quantity^ 

Volume of 
solution =250 ml 

Temperature 20-5°C 
Initial pH=40 


Equilibrium concentration (Ce), mg /lit 


Fig 45(a) Adsorption Isotherm for 
Uptake by De Acidite-N 

Chlorine 

Resin 

250 ^ ^ 


=75+326 Ce / 



20 40 60 80 

Ce,nng/lit 


Fig4'5(b) Langmuir Isotherm for Fig.4'5(a) 
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(4) The mechaxiism of adsorption is siiiie as that 
in the case of UMF-i'esin, 

^ Adsorption of Chlorine on Weakly Basic Anion Exchange 
Resin and Chit in 

Sorption kinetics experiments similar to those 
described in the previous section, were conducted using a 
weakly basic anion exchange resin and chi tin. Almost 
similar results were obtained with these materials also. 

The results are not presented here since their usefulness 
for disinfection was limited as found out in the following 
section. 

4. 2 Disinfection Studies in Batch Process, 

4 . 2, 1 Batch Disinfection Studies with UMT -Resin 

In order bo evaluate the disin . "c lion properties 
of the chlorine charged urea-melamine-form aldehyde resin, 
preliminary batch studies were conducted. To a known quantity 
(0o5 g) of charged resin about 250 ml water containing E.cnl i 
concentration of the order of 2x10"^ number/ml was added and 
sufficient contact xj-as provided by agitation in a wrist 
shaker. Prom this non-flow agitated system samples were 
taken out at different intervals both for determining chlorine 
release and bacterial survivors. Two different types of 
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sj^stems in terms of turbidity were used and the results 
are presented below. 

The ciilorine release ars a function of time 
both for clear and turbid water is nrosented in Fi^. 4.7. 

It IS seen that there is not much difference in chlorine 
release for these two systems. As there was not much 
variation in chlorine release it can bo said that turbidit: , 
at least apto 8 MTU, does not interfere with the desorptiO'i 
of clilox me from the resin. This may be because the pore 
size of resin is so small as comnared to the tiurbidiby 
particles that the turbidity partic3.os are unable to bloc-c 
the pores. Oa the other hand, chlorine molecule, whose siac 
IS comparable to that of pore size, has got the backmi^ of 
driving force arising due to concen oj ation gradient existix ; 
between the sorbent and the bulk. This perhaps forces out 
the chlorine molecules in to the bulk, further, the turbid: ty 
particles used were of non chlorine demanding, and inorganics. 
Conseq,uentD.v, the available chlorine in bulk in case of 
sample with turbidity and sample TatUout turbidity was not 
different at different time intervals. 

It IS also seen from I'lg. 4.7 that the rate 
of release of chlorine is high initially but tends to decrc'se 
slowly at the end of the run. Two reasons can be attributed 
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Fig. 47 Chlorine Release With Time 
Umf Resin (Batch) 
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for this. Firstly, the concentration gradient which 
exists between the sorbent and the hull: decreases with 
time because of continued emergence of chlorine molecules 
into the bulk. Secondly, with the increase in contact time 
the chlorine demand of bull: reduces because of reduction in 
the oxidisable organic matter present in the form of E. cpli. 

The bacteriological data obtained both from 
clear as well as turbid water (8 TTTU) is presented in fig. 
4.8. The plots are made according to Chick's disinfection 
model, namely. 


-OF 

dt 


-KN 


(4.4) 


where, = no. of organisms 8.t time t 

and 3£ = disinfection rate constant to the base e. 

The solution oT above equation is of tl e form IT = 


where, = lo. of organisms at tine t = o. 


The disinfection curve for clear water appears 
to follow the Chick's first order equation (K = 2,83 /min.) 

The disinfection curve for turbid water of 8 ITTU does not 
appear to follow this model. Two race constants are evident 
from this plot. The rate of disinfection is loxv (F = 0.082/ 

min. ) upto 3 mixi. and afterwards the rate is high (E = 1,33/ 

min,). Eig. 4.7 indicates insignificant difference in 
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chlorine release for clear and turbid irater. However, the 
disinfection curves indicate signixicanb variation in the 
two cases. This appears due to inter 1 erence of turbidit’'^ 
with disinfection. Apparently the taruudity particles 
provide a sort of protection to the microorganisms against 
the action of released chlorine. VJhile in clear water, 
the number of microorganisms decreased 1037- 2 orders of magn_tude 
in 1 minute, the decrease was ins igu if Leant even after 
3 minutes in case of turbid water. Joyond 3 minutes, in 
case of turbid water, the chlorine release is also more and 
simultaneously the contact time has all so increased. As a 
combined effect of both, the disinf ec Cj.on rate has also 
increased. On the basis of above results it can be inferro.' 
that in order to obtain the same disinfection efficiency 
in the presence of turbidity, the time 03 t contact should Le 
more or the concentration of released disinfectant should 
be more as compared to clear water. 

It IS interesting to note here that Chick's 
model IS normally applied to a system in which a known cor- 
centration oi disinfectant is added initially to water 
containing a particular number of microorganisms with tne 
increase in contact time both, the number of microorganisms, 


as well as the concentration of disinfectant, decreases. 
As a result of this generally two rate constants for the 
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destruction of bacteria during disinfection of xrater or 
wastewater are observed. Initially a higher value of rate 
constant followed by lower value. On the other hand, in 
the present investigation the concentration of disinfectant 
increases with time because of more contact provided. The 
observation as per Fig. 4.8 for turbid water, indicates 
loij-er value of rate constant followed by higher value of 
it emphasising the combine 1 .effect of increased chlorine 
release as well as contact time. 

The chlorine exchange reaction in the UMF- 
resin is possible bocaoso the resin consists of insoluble 
cross-linked polymers containing a large number of —M 
groups. These — groups on the polymer react in tne 
same way as those on isocynauric acid. They react with 
chlorine according to the reversible reaction; 



R 


2 


F-H + HOCl 



ITCl + HOrl 


(^. 5 ) 


The hydrogen is replaced b^r a positive chlorine. The 
equilibrium depends on the other groups attached to the 
nitrogen but generally the equilibrium favours the hCl 
form. The reverse, hydrolysis, is the reaction that release'; 
chlorine to the water (Dewar and Wayman, 1972? ’i/ayman et. gl. , 
1968; Dewar and ¥ayma.n, 1970), 
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4. 2, 2 Batch Disinfection Studies with De Acidite-h 
Resin 

In order to find out the suitability of 
using De Acidice-D resin in fixed bed disinfection, hatch 
studies were conducted in similar fashion as described in 
section 4.2.1. The results indicate an altogether different 
trend. There was no release of chlorine from the resin 
showing that tcc chlorine is attached bo the resin in an 
irreversible manner. De Acidite-h appears to act more like 
activated carbon in this regard than uMT-resin, Activated 
carbon absorbs chlorine but in an irreversible way and in 
the process the disinfecting properties of chlorine are 
destroyed by it (Kreusch and Husseini, 1973). Due to this 
property activa,ted carbon is being studied by various 
investigators for dechlorinating water (Suidan et. al. .1977 ). 
De Acidite-ir resin may also find a similar application as 
activated carbon. Although De Acidite-IT is an isoporous 
cross-linked polystyrene resin, unlike IRIP resin the active 
group present on this resin is - NR^"^. It is probably 
because of this tertiary amide group tnat the chlorine 
attached to this resin is in irreversible form. 

4.2.3. Batch Disinfection Studies using Resin obtained from 
Bhavnagar. 

The rosin supplied by CSi'ICRI, Bhavnagar contains 
primary amide group (Dasare, 1978) and was also used to 
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evaluate ats performance in terms of disinfection. Though, 
the adsorption of chlorine hy this resin was more than tha/a 
of IMP and De Acidite™H resin, the disinfection data collect d 
gave similar resii.lts as De Acidite-N resin. On this basis 
it can be said that this material also absorbs the chlorine 
irreversibly and in the process the disinfecting property 
of chlorine is destroyed. Because of rapid rate of adsorption, 
Bhavnagar resin appears to have immense potentiality as 
dechlorinating agent, 

4.2.4 Batch Disinfection Studies using Ohitin, 


Chitin is a biological material obtained from 
crab shells. It is used for preparing immobilised enzyme 
columns for treating urea bearing wastewaters (Iyengar, 1978), 
Pro-liminary experiments conducted in Environmental Engineerix.g 
laboratory at III Kanpur revealed that Chit in- glut araldehyde 
complex possess significant bactericidal properties. Presenc" 
of amino groups on this substance prompted us to try this 
material in the present study. The adsorption of chlorine 
onto chitin was loss than, that of synthetic resins tried 
above. Moreover, the disinfection data obtained indicate 
its poor bactericidal performance. This once again makes 
chitin suitable as dechlorinating agent ratl:^e|r |th^n|^jSi0l|^ 
disinfection. CEHIHAL LIBRARY 


Aoe. 


^o4938 
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Prom the results presented above it appears 
that chlorine release is necessary for ensuring destruction 
of microorganisms. The mechanism then is the usual one 
where the hydrolysed species of released chlorine act as the 
active agent of disinfection. The different materials used 
as supports show that the presence of primary or secondary 
amide group by itself is insufficient to guarantee chlorine 
release. hhat is essential is an easily replaceable atom 
in the group? in UMP-resin, for example, Cl replaces H to 
give -NCI, which then hydrolyses to give the active agent, 
chlorine. Further, the structure of material, i.e., the 
linkage of various groups, their arrangements etc. may also 
be important. 

4. 3 Column Disinfection Studies using bflP-Resin, 

After obtaining encouraging results with CMP- 
resin in batch process, column studies were conducted to 
evaluate its chlorine releasing and disinfecting ability. 
Turbid-free test water was used throughout the column studies. 
Experiments were conducted to find out tho effect of different 
flo’i ratOvS on chlorine release from the bed, kill of input 
microorganisms, and exhaustion of the column. The results 
are presented in tbe following sections. 
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4.3.1 Effect of Rate of Flow on Chlorine Release from 
the Disinfectant Bed. 

The chlorine charged resin column was prepared 
as mentioned in Chapter 3. The column was commissioned hi' 
passing test water containing bacteria of the order of 1000 
per ml. The loading rate on column was varied between 
90 to 1500 Ipm/sq. m. The lo'« 7 er value is quite comparable 
to the loading rate of rapid sand filter. Chlorine release 
was measured for various intermediate loading rate and 
simultaneous samples were collected for finding E. coli 
survivors. Subsequently to evaluate the extent of effective- 
ness of the disinfectant bed, the column was run at a 
constant loading rate of 3^0 Ipm/sq.m. which is about 3.5 
times higher than that of rapid sand filter. The effluents 
obtained at this loading rate were found to be free of 
bacteria until 180 litres of xra.ter was passed through the 
column. However, after passing 180 litres of water the 

bacterial breakthrough occurred. further experimentations 
were carried out at this stage to check the chlorine releasing 
and the disinfecting behaviour of the column at various 
loading rates. The data collected were subsequently used. 

The maximum flow at which the effluent water became once 
again sterile was 200 Ipm/sq.m. for the column which was 
initially operated at 340 Ipm/sq.m. Consequently, the 
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disinfecting column was again operated ac a rate of 100 
Ipm/sq.m. (oquivalcifc to rapid sand filter rate) and this 
resulted in the prod.uction of additionaJ. 50 litres of bacteria 
free water. 

Chlorine reloasing pattern of the disinfecting 
column for various loading rates at the beginnin,, of its 
operation and after a flow of 180 litres of water through it 
IS presented in Pig. 4.9. It is seen froui the figure that 
chlorine release decreases with the increasing loading rate 
at both stages of column operation. Apparentl^r this happens 
because with the increasing loading rates the time of contc-ct 
between the test water and resin decreases. The mechanism 
of adsorption of chlorine on the resin cert 8 inl 3 r has an 
influence on its release. It the mechanism of chlorine 
adsorpxion were of film diffusion type foe release of chlorine 
would have been more with the increasing f3_ow rates (Weber, 
1972). As contradictory results are observed in Pig. 4.9? 
it can be expected that the mechanism of adsorption and 
desorption of chlorine with TOIF'-rcsin is cLifferent. 

It can also be seen from the figure that for 
the same flow ra to, chlorine release is ino3.'”o at tnc beginning 
of the commissioning of column than that ojTtcr passing 100 
litres of water through it, Purthor, ti'o rate of decrease 




Load 
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= Elfocbivo p' oicle diamc bcr 


f> = Sphcriciby of the particle 
= App’^oach Velocity 


c = Void fraction 


Volume _oX voi ds 
Total Volume ~ 


P = Doiioity of the fluid 

\x = Dyu aiic viscosity of the iluid. 


Glove aiilysis was conducted to determine the 
effective size of (.he prarticlc. Based oa the sieve opening 
size, an average d?.amoter of 0. 318 mm woo considered as 
efLocbive vSizc o:' r>a3in particle. The ophericitjr assumed 
was 0.75 ao reportcal for grounded material (Fair et. al. » 
1968 ). 

Til. VO Lrtr volume in the bed was measured by 
filling the column upto the top of resin bed with coloured 
water and then collecting and meastuing tlie effluent from 
column till the water level reached the bottom cf tbe bed. 

Tho voids fraction thus calculated was 0,3. 

Thf* values cu Reynold's number calculated 
at vurio. 4 .'; 1 ^adinp; iMtCvS varied between 0,65 and 9.42. In 
porous media the flow is considered lami lar upto the Reynold's 
number value cf 2. Tho transition flow csiots for Reynold’s 
number between 2 end 10. In the present investigation the 
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flow characteristics change from laminar to transition 
cone with the increasing loading rates. Eoncej, the flow 
characteristics in the column appear to influence chlorine 
release to a certain extent besides the concentration gradient 
and the contact time. 

In order to further understand tne latnre of 
the release of chlorine with wprying flow rates, it was 
attempted to linearise the curves obtained in fig. 4.9. 

In fig, 4.10 the linearised plots of the curves are shoi-m. 

The eq.uation of the lines obtained are as follox>re , 


Ln R = 

0.58 - 1.2 X 10"^ L 

(4.7) 

Ln R = 

0.07 ~ 1.54 X 10"^ I 

(4.8) 


where 1 is chlorine release,mg/l and L is the column loading 
rate in Ipm/sq. m. Equation 4.7 is for chlorine release et 
the beginning of operation of the column while equation 4.8 
indicates chlorine release after passing 130 lixrcs at which 
breakthrough of bacteria was reported. It can be seen from 
the graph that to obtain same amount of chlorine in the 
effluent the column can be operated at comparatively higher 
loading rates at the beginning of the run than that at ihe 


time of exhaustion, 



i 


■ At the begin ing of column operation 
After passing 180 lit of water 


• A. Column loading rate ( L)^lpm/sq.m- 

200 /.nV 600 800 1000 1200 UOO 


LnR = 0-58-V2xl0xL 


LnR = 0-07-V54xl0xL 


Fig. 410 Linearised Plot for Fig. 4-9 
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4. 3 « 2 Dxsinfection Kinetics 

In order to design the disinfecting system 
rationally, it is essential to have a "basic understanding 
of the kinetics of disinfection. The 'bocfccriaK survivors 
in the effluent water from the column for various loading 
rates at the beginning of the commissioning of the column 
and after passing 180 litres of xirater were determined as 
mentioned earlier. The data was analysed according to 
Chick's model of disinl ec fcion and the resultc ore presented 
in Fig. 4.11. The rate of disinfection is v>^-ry high 
(K = 0. 216/sec.) initially. Aftor passing 180 litres of 
water the disinfection rate drops down to 0. 021/sec, which 
is approximately one tenth the value of tiie initial rate 
constant. The reason is obvious as after passing 180 litres 
of water the decreased rate of chlorine release does not 
yield the same amount of chlorine as in the beginning. 

As mentioned in the previous section, the 
column was operated at a flow rate of 100 Ipm/sq.m, when 
breakthrough of bacteria ooci.rr^cl at 340 lpm/sq..n.. This pro'^hice 
50 3.itro3 of sterile water at a loading rate of 100 Ipm/sq. 
However , after this breakthrough of bacteria, was again 
observed. At this stage the column was opera/bed at different 
loading rates and the bacterial number in the effluent was 



Ln fraction of survivors (LnN/No) 


Ccr \ 



Fig 4-11 Chick’s Model for Chlorine Dismtection 
With UMF“Resin (Column) 
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enumerated. Fig. 4.11 depicting the Chick’s model for 
this data also shofrs a. disiniection rate constant of 
0.014 /sec. which is least among tlie three. This clearly 
indicates that the disinfecting efficiency of the column 
decreases as more and more water is passed through it. 

Selleck ^t.^. (1978) working xn the area of 

disinfection over many years have extensively studied the 
applicability of the following enuation for describing the 
deactivation of E, co li . 


■p-t- 

S = [^] whenRt^b (4.9) 

where S = survival ratio (concentration of bacteria at 

time t by the concentration at 
zero time). 

R = residual chlorine concentration 
t = contact rime 

b and n are coefficients statistically ascertained. 

These investigators proposed tb'='t the above 
equation can be utilised for comparing the efficiencies of 
alternative disinfection processes. In blic present work 
it was contemplated to test this equation in order to 
compare the disinfection efficiencies of xhe column at the 
beginning and at nearly exhaustion conditions. 



fraction of survivors 





N_ - 0.'i25-0-H5 LnlRt^ 


H =1-400-2-285 Ln(Rt) 

No 4 ,,^ ' ,, ,.- 


At the begining of column operation 

^ After passing 180 Ut.of water 


A.12 Selleck’s Model for Chlorine Disintectio 
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exhaustion the miniiaum value of Rt (1,4) for a loading 
rate of 1135 Ipm/sq.m. is loss than the coj^rcsponding 
value (2,36). All other values of Rt ane~'^reatjer--than6 2,36 
Thus except for one point eq.uation 4.9 is valid for this 
case also. 

In order to obtain a desired fraction of 
survivors of bacteria say 1 organism/lOO ml of -water (MPR 
value accepted for drinking water) the ’Rt’ value for the 
freshly commissioned column is 1.85 mg/lit-sec. imth an 
input bacterial concentration of lO^/lOO ’ll. Depending upon 
available chlorine concentration the contact time (t) shougd 
be ’ either decreased or increased so as to get the above 
value for Rt. It is evident from the above discussion 
that both concentration of chlorine and contact time are 
important in the process of disinfection using fixed bed. 

Both these factors are also important evein in the conventicnaZ. 
practice of disinfection by chloriii^. 

4. 3. 3 Mechanism of tne Action of Ihsinf oc bing Column 

Based on the bactericidal and ciiLorine releasing 
properties of the column it appears that tho bed operates 
successively, in layers, starting from top. At the beginning 
of column life chlorine released from top few centimeters of 
the column is enough to disinfect the tost water. As tho 
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time and opportunity of contact obtained in this case 
is maximum (bo cause of the remaixiing ])od lying alioad)j the 
efficiency of column is at its p^ak. As more water is 
passed through it the active or effective zoro of bed goes 
down. This reduces the contact time and opportunity between 
the bacterial cells and the disinf ec banb , and as a result 
the performance of bed deteriorates. Perhaps, this is 
also the reason why the present bed despite its chlorine 
capacity of 40 mg/ 100 mg is unable bo broat that amount o-' 
water which the sorbed chlorine would uavo normallj^ treated 
if it were added directly to the test trabor. The probable 
reason may be that all chlorine adsorbc'" by present bed may 
not be in reversible form. 

It IS expected that once the chlorine is 
released from the resin the rest of fne mechanism of inacti- 
vation of bacteria by it is according bo any one of the 
mechanisms or a combination of several mechanisms put 
forward by various investigators referred in the article 
2 . 3 . 3 . 



CHAPTER 


SUMmiY AHD CCTfCLUSrOH 

• On tile hosis of tJae experimental ctudies 
conducted the follotang conclusions may oe dra-jm. 

(1) Urea melamine formaldehyde resin adsorbs 
chlorine reversibly. It readly tahes up cbJ-orine from a 
chlorine rich environment and releases ’.rhen placed in a 
chlorine deficient medium. 

(2) Strongly basic anion exchange lesin 

(De Icedite-N) supnlied by Ion Exchange (India) Ltd. adsorbs 
chlorine irreversibly. Though there 10 comprrable uptake 
of chlorine the release of tiie same is abscriL. This property 
might be useful for dechlorine ting efflucnxs containing 
excessive chlorine. Similar observations vere also made with 
the resin obtained from Bhavnagar and chitin. 

(3) The disi..if ection data indicate that the 

kill of E. coll IS due to released chlorine from the bed rather 
■chan just bj’’ contact between chlorinated resin and bacieria. 
This explains the success of UlU'-resin and failure of other 
resins to disinfect water. 

(4) The turbidity tried upto 8 HTu does not 
seem to interefere witn release of chlorine from tne resin. 
However, the disinfection is less due to -protection offered 
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by turbidity to the microorganisms. 

( 5 ) The chlorine release from the disinfecting 
column appears to be a function of flow rates. Higher loading 
rates exhibit release of lower concentration of chlorine and 
vice versa. 

(6) The disinfection kinetics both in batch 
and column studies follow the classical Chicle's model. 


(7) The column can produce sterile water - 
at loading rate of 340 ipm/sq. m which is 3-4 times larger 



than rapid sand filter. At this .flow rate tho contact time 
between contaminated water and chlorina,ted resin works out 
to be 25 sec. which is negligible as compared to 30 minutes 
of contact time provided in the conventional chlorination 
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at a,flo¥ rate of 
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CHilPTER 6 


ERGIFEERIEG- SIGF]TICAFCE 

Ilany dxff iculties are encountered in disin- 
fecting water in villages, in isolated urlan areas and in 
railway compartments due to lack of special equipments 
req.uired to dispense and regulate compressed chlorine in 
water to be treated. Even, if equipments are available 
the problem of breakdoxvn is very common. In order to 
eliminate these difficulties, a simple, self regulatory and 
cheap method of disinfecting water in the form of fixed bed 
which requires least attention interms of operation and mai- 
t' nance has been developed. The present study very 
clearly indicates that it is possible to use selective 
resins for adsorbing chlorine which can release the same 
whenever water is passed through them. 

The fixed bed developed using UIIE-resin 
can produce sterile water at a rate of 340 Ipm/sq. m which 
IS almost four times more than that of rapid sand filter. 

The column used in the laboratory containing 1.8 grams of 
resin charged with 400 mg cf chlorine per gram of resin 
yielded more than 200 litres of sterile water. The treated 
water always containined residual chlorine of the order of 
0,5 to 0.8 mg/l to protect it from post contamination. 
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EurtJaer the disinfecting column caii he operated at a lo"er 
rate than stated above to get an addibional quantity of sterile 
vater . 

If tlie same amount of chlorine as adsorbed 
by 1.8 g of resin were added directly to the same water 
having a chlorine demand of 2.5 mg/l, it would have been 
possible to disinfect not more than 200 litres of water. 
Accordingly the present system has an efficiency of 70 
percent, Assumiiig the efficiency of conventional chlorination 
practice to be 75 percent interms of its handling, dosing 
and regulating etc. , the efficiency of present ^system is 
quite comparable. Moreover, the proposed process would 
eleninate additional chlorine dosing equipment, chlorine 
storage equipment and regular operation and maintenance of 
these equipments by skilled operators. Further » "f^be resin 
once exhausted can be reused for disinfection after chlorine 
adsorption thus contributing to the overall economy of the 
system. 
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CH APTER 7 

SUGG-ESTIORS FOR FUTURE WORR 

Based on the present work and the conclusions 

drawn, thero is a need to conduct^ further studies in this area 

considering the great potential of the process particularly 

in supplying safe waier to our rura3- masses. 

1, Many more cheap alternative adsorbents as solid 
supports should be investigated so as to cut down the 
cost of the process. 

2, The column design might require improv cit so as 

to treat larger quantities of water by re ulating the 
chlorine release, 

3, The hydraulics o." the resin bed should be more thoroughJ.y 
investigated, 

4, Scientifically the ch<='mistry and mechanism of chlorine 
release need to be worked out in order to have more 
insight in the process. 

5, The efficiency oC disinfecting filter intorms of virus 
inactivation is to be evaluated. 

6, The performance of the chlorine charged resin column 
in disinfecting treated wastewater needs to be studied. 

7, More column studies are required with .o.rying influent 
turbidity to evaluate the effect of tuirbidity on the 



disinfec Ling bed performance 


The mechanism of kill of bacteria, needs to be 
investigated in such a disinfecting filter. 
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